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Cultivation  of  yellow  fever  virus  in  human  exolants . 


f- 


by  C.  Hallauer. 


Archiv  f.d.  Gesante  Virusforschung  9,  428-441  (1959). 


In  1932*  Kaagen  and  Tnedler  *(9)  vere  the  first  to  grow  yellcv/vfeycr 
virus  (French  neurotropic  strain)  in  cover  glass  ancLflask  .cultures,  of  v  « 
embryonal  chicken  tissue.  The  sustained  passage  of  this  virus  strain. in  .  • 
vitro  did  not  lead  to  a  significant  viral  transmutation  (Kaagen  7,  -Lloyd,  ■ 
Theiler  and  iiicci  14).  Cultivation  of  the  pantropic  virus  strain  ,  : 

(a si hi  strain)  in  embryonal  chicken  tissue  failed  (Kaagen  8),  but  was  -  - 
later  successfully  carried  out  by  a  preliminary  culture  passage  in  ex—  . 
plants  of  embryonal  mouse  tissue  (Lloyd,  Theiler  and  Hicci  14).  A  number 
of  viral  mutants  (17  2,  17  AT,  17  B)  were  isolated  by  continuous'  cultiva¬ 
tion  of  this  virus  strain  in  expianr.ed  mouse  and  chicken  tissue,  all  of 
which  were  marked  by  strongly  reduced  viscerotropy  and,  partially  (l?  D), 
by  decreased  neurotropy  (14,16).  ] 

The  animal  explants  (mouse,  chicken,  monkey)  used  by  Theiler  and 
coworkers  are  not  suited  for  primary  isolation  or  initial  cultivation  of 
unmodified,  pantropic  virus.  The  production  of  culture  strains  is  best 
achieved  in  explants  of  embryonal  mouse  brain;  strains  adapted  to  this 
tissue  may  then  be  maintained  in  explants  of  different  types  (embryonal 
mouse  ana  chicken  tissue)  (15).  1  /-  . 

Theiler  (15)  grew  two  pantropic  virus  strains  (French  viscerotropic 
and  J.S.S.  strain)  in  sustained  passages  in  vitro,  utilizing  the.  same 
passage  and  explantation  techniques  as  those  known  from  the  transformation 
of  the  asibi  strain  into  17  D.  The  desired  goal,  the  production  ofa  9 
virus  mutant  optimal  for  immunization,  was  not  reached,  however;  The  , 
immunogenic  strain  17  D,  marked  by  a  high-grade  mitigation  .of  its  viscero¬ 
tropic  and  neurotropic  properties,  therefore  represents  a  unique  mutant 
which  has  not  been  reproduced  to  date,  and  for  whose  genesis  the  factors 
previously  held  to  be  essential  (sustained  culture  in  embryonal  chicken 
tissue  without  brain  and  spinal  cord)  can  hardly  be  held  responsible  (15) . 

It  seemed  desirable,  in  view  of  these  circumstances,  to  test  the 
behavior  of  yellow  fever  virus  in  human  tissue  explants,  with  emphasis 
on  the  question  whether  such,  such  explants  are  as  suitable  or  more 
suitable  for  the  demonstration  of  viscerotropic  and  neurotropic  or 
modified  virus  strains,  as  well  as  for  the  evaluation  of  immune 'sera, 
as  the  mouse  test.  The  expected  feasibility  of  , proving  yellow  fever 
virus  in  tissue  explants  of  its  natural  host  also  offered  increased; 
interest  with  respect  to  the  question  concerning  the  stability  of:  strain 
17  3  on  one  hand,  and  the  mutation  of  the  original  ..sibi  strain  on  the=  ' 
oo.-.er.  a  prel a rdnaiy  report  (10)  on  tliis  investigation,  in  progress  = 
for  over  three  years,  has  already'-  been  published.  •'  0  . 
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^^^^SBto^gEpaaa^S; ?  a*)'  Strain  17  D  of  different  origin  (Wellcome,. 

.Paai-85  froperdnstitut  Amsterdam). 

:.  '~l! •  -  >  '  p  ~  -  —  • 

^^^^eni^iSl^ot^pie.  strain  (Rockefeller  Institute,  New  York; 


,  Xew  York)  > 


%fe.us.ed  ^dia  whose  composition  nas  already  been  described  (12). 
^‘tissue,  ■i-cis;' grown  on  the  following  nutrient  fluid: 


Penicillin 
Streptomycin  - 
Nystatin  (Squibb) 

pK  -  ;  '  . 


500  U/cc 
50tf/cc 
100  U/cc 
.7.3  to  7.5 


SxpObairted  tissue  was  initially  grown  in  flasks  (3-5  X  7.5  cm 
later  exclusively  in  roll  cultures  (125  X  16  ran). 
“■%??|£^&^^ShlpiiiSEatS>n.vss  carried  out. -ter  the  usual  method  of  trypsinization. 

^«^^7:^i^Oifictipn;  of  Jtoi  tissue ve^lantsi  Four  fully  grown  explants 


>®s  ^,^ge<i>ual3y  and:  virus;.passage.  was  carried  out  at  the 
J^£^I^^m^of;,g^^,,gyto^i3ipgenic  effect  (usually  on  the  5th  to  the  7th  day 

ipui^ppses  .of  preservation,  all. 'viral  samples  were  adjusted  to 

or  larophylized.  ■- 

demonstration: .  The  macro scopically  and  microscopically 
'J?^^^|^|^iMIeI:,sytpj«.ttiogenic  effect  permitted. the  determination  of  the  50$ 
.*i^@^^3Sfdctien titer  for  the  culture  (KIDjq),  confuted  according  to  Reed  and' 

at  periodic  intervals  the  infectivity  of  the  passage  virus  was 
. ^j^'^i^^^^’sted’  simultaneously  by  intracerebral  infection  of  mice  (4  mice  per 

0.03  cc  volume  -of  injection) . «  '  :.  .  : 

o-  Serological  identification- of  the  cultured  virus;  all  cultivated 
irus,  strains  were  tested  for  specificity  at  intervals  of  30  to  50 
passages.  For  this  purpose,  100  to  1,000  tissue  culture  coses  of  passage 
virus  were  combined  at  equal  parts  with  a  diluted  (1:10)  monkey  hyper- 
;^vvVvv4i  j^asuhe -.semim  (titer  1:100)  and  normal  serum;  the  mixtures  were  incubated 
60^iainutes  at  -room  temperature  (2Q°C)  and  then  transplanted  to 
*^§i|piants.  The  specificity  of  the  virus-antibcdy  reaction  was  established 
^^#(|BfBaVthe'  .inhibition  of  cytorathogenic- effect.  -  .  - 


nkCHmg#  w~'_  ^  **"' 


>n  o£  y&l  l ow  f&vor  i emi  ser»4  in  exnlants  t  The  vlziig 
neutralizing  titer  (.Id^Ci)  of  the  available  sera  (1  each  of  a; ly/peg"^ 
immune  scr~r.  from  monkeys  and  mice,  2  human  iramne  sera)  was  again 


Te.st  results* 


Table  1  gives  a  perspective  o».  the  types  of  explant  and  the  numSe^''^ 
of  passages  during  which  the  various  yellow  fever  strains  were  raaintdinedV  :'? 

■  ; 

Tunor  cell  strains  Hela  ar.u  13  showed  optimal  suitability  for  '  .1;'^' 

sustained  cultivation,  l.'o  difficulties  ./ere  encountered  in  the  growth  ' 
of  all  virus  strains  (17  B,  French  neuro tropic,  ..sibi)  in  these  explints,  ~ 
ana  the  infection  titers  obtained  from  the  initial  cultures  corresponded  r 

to  values  established  in  mouse  tests  -  at  leasts  as  far  as  the  non-  , 

viscerotropic  strains  are  concerned.  Investigations,  especially  the  /,  t  ‘ 

quantitative  evaluation  of  virus,  were  therefore  limited  primarily  tc  . 
virus  strains  preserved  in  these  cellular  substrates.  '  . 

7  r 

The  carcinoma  cell  strain  Detroit-o  proved  inferior  in  the  cultivation" 
of  yellow  fever  virus,  in  spite  of  luxuriant  growth  in  vitro;  primary 
cultivation  of  the  pantropic  strain  asibi  failed  and  the  transplantation 
of  viral  passage  strains  (17  D,  asibi )  from  HeLa  and  KB  explants  yielded 
strongly  fluctuating  virus  titers  and  thereby  impeded  sustained  passage.  "/• 
Similar  experiences  were  gained  earlier  in  work  with  this  cell  strain  ~  *  - 

and  classic  chicken  cholera  virus  (13).  ■  ‘  L  1 

Strain  17  D  was  carried  throu^x  15  passages  in  explants,  of  human  -  ‘  *  f. 
amnion.  Further;  utilization  of  this  cell  strain  (isolated  by  Or.  Uiiirehh,  r. 
Bern)  vjas  suspended,  however,  since  the  infection  titers  of  the  various 
culture  passages  revealed  considerable  fluctuations  and  the  cyto pathogenic"  ;  j  ~_i[ 
effect  frequently  was  unduly  protracted  and  incomplete,  causing  the"  J  ^  - 

explants  to  retain  chronic  infection  for  weeks,  without  noteworthy!  \  "  T 
cellular  injury  and  only  scant  viral  multiplication.  The  tendency  of  the  ~i’.  • 
utilized  amniotic  strain  to  .latent,  chronic  infection  was  expressed  also  '1  " 
in  the  cultivation  of  classic  and  atypical  fowl  cholera  virus  (13,11).  ~  1 

do  immediate  answer  can  be  offered  to  the  question  whether  this  behavior 
is  due  to  the  mixed  cellular  nature  of  amniotic  explants  or  an  effect  of  '  . 
the  massive  viral  dosage  to  which  these  explants  were  invariably  subjected.  "  . 

attempts  to  grow  yellow  fever  virus  (strain  17  D)  in  a  passage  cell 
strain  (KHK3)  of  the  human  Iddney  were  comoletely  unsatisfactory."  After 
this  cell  strain  had  proved  to.  be  just  as  unsuitable  for  the  cultivation 
of  classic  chicken  cholera  virus  (13),  the  tests  were  limited  to  10 
passages,  especially  since  this  cell  strain  gave  signs  of  tissual .  changes 
indicating  contamination  with  a  “foaay  agent.”  V  .  V'. 
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hMedfc -series:';'  gultiyatadR  .of;  yellow  fever  virus  strains 
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3ct>,f  The  first.  sighs  of  tissual  damage  —  in  the 
^'granuiated^iound  cells  —  appear  in  massively 
iog;5.6  to  6.0)  3  days  p.i.  at  the  earliest  and 
,i.  in  less  heavily  infected  cultures  (ID50  log 
ily,.the  necrotization  of  tissue  makes  rapid 
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r,  the  cellular  metabolism 
h  virus  propagation  in 
frequently  arrested  -within 


r^V^'taTT^vTrihl:  .passage  .strains  in  inhibition  tests  with  yellow  fever  immune  sera 


rsrooagation. .  The  infectivity  titers  derived  from 
.e  between  305  ahd  lO6,  for  the  expiant  and  the  white 


passage  throu^i 


-•  -if  4  i^sterdaia)',.  starting  material:  iypphylized  immunogenic 

'5_ 

strain  (New  lork),  starting  material:  lyophylized  monkey 

.  .  '  *  -'  .y " 

\  ^rixpeptionai  suitability  of  "the  KB  strain  for  the' demonstration 
yeliow  fever  virus  was  expressed  in  .the  great  primary  sensitivity  of 
.^^^^J^pesel^iantsy-towurd  the  starting  strains,  the  high  injectivity  of  the 

■  y •; i .  .  r  - '•  .■  *  .*  .  •  ■  .  .  .  -  1 
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(u^aiy  by  decimal  powers,  occasionally  by' 

Jj  roll  cultures  such  (0.25  cc  to  2.25  cc  medium)  end 
intracerebrally).  Observation  was  continued  i‘or 
.Me-  -case  of  cultures,  and  20  days  in  the  case  of  rice. 
i^^Ki^tifcfatibnv  results,  obtained  are  reproduced  in  Table  4. 


proves.  to  possess  the  sums  sensitivity 


^Tv^2 


wi'. 


Sat.; ..  During  another  evaluation  of  freshly  prepared  monkey  serum, 
‘evened in  titer,  although  still  actant,  was  considerably  lower 


y-  -5 


cl°s®  agreement  in  titer  values  (explant  versus 
j^^*^t^^^^dse)^'j#a^-,6btadned  from.  the  culture  passage  virus  of  both  1 1  b  (London) 

strain.  Exceptions  were  found  only  in  the  case  of  a  few 
-'f;^^0^:^|^^s^samples  of  the.  Asibi  -strain  (13th,  30th  and  36th  passage),  ..hose 


.tration  was  carried  out 
,  -20°C. 


s^S^'^^^"i^b^3^-iectreae  discrepancy  in  titers  (log  6.3/log  1.0s explant/mouse) 
3e; for.  the  culture  virus  of  strain  I?  D  (Amsterdam)  in  the  seconc 


X-  ^h^^|^&j^t|?3>?a^S^aijd  mouse  tests.  Such  latently  immunizing  infections  were 
/rs-^^^^.^t»'s6(M.inaSurwi^i^';jaice.  in  connection  with  the  remaining  viral  strains 


'  .■-■  -2ntiboc|y  titration  in  ;the  explant.  As  already  mentioned,  the 

'>v;;.'pytpp<iihogenic  effect  of  yellow  fever  virus  is  neutralized  specifically 

of  the  corresponding  iinaune  serum.  This  offered  a  possibility 
4'ii^^'-^e  ;eyalmtton  of  yellow  fever  immune  sera  in  explants. 


' '  'U  *^5®3x  ^  ■  y\ JT . 


-_V^;v  ^)L, As.  determined  iater,  strain  1?  D  ;(london)  also  lost  its 
ij^^pgeriicity.for  mice  after.  99  KeLa  and  44  KB  passages  and  effected  a 
^latMtiy  immunizing  infection. 


Of  a  tot-1  of  12  tests  '4th  a  immune  sera  (2  hyperimmune  sera.  of  \ 
monkeys  anu  rice,  ana  2  humor.  sera  after  immumsation  with  17  L)j  the',  '  ' 
majority  (0  tests'  ;we  aimed  -t  ueterjainin^  the  senna  dilution  (1:2Q 
to  1:2560)  capable  of  aeutr-lizing  a  constant  amount  of  4 rue  (100,  to 
1000  nlJ50,  strain  IV  a)  5  a  smaller  number  (4  tests)  served  to  es-  r'[~ 
tablish  the  viral  concentration  wncse  cytopatho^enie  effect  wa3  in¬ 
hibited  by  a  constant  serum  dilution  (1:10  to  1:20)*  The  neutral! sing 

effect  of"  the  i.mur.j  sen. . .as  evaluated  not  only  on  the  basis  of  the  (  • 

suppression  of  c/iopat„d0eicity,  cut.  also  by  negative  demonstration  of'’ 
virus  in  the  exil-ut  an-  in  the  cerebral  mouse  test*  * 

v-oth  ...ethoas  of  evaluation  peruttca  the  estimation  of  an  immune  . 
serum's  efficacy  anu  yielae-  repro— ueiuLe  neutralization  titers  and 
indices,  as  proved  in  a  nu  ber  of  par— 1. ‘.el  observations*  Tne 
standards- tion  of  antibody  titration  in  explant^  as  *.;ell  as  com-  „ 
parative  testing  with  the  custo..nry  nethous  of  neutralization  in  the 
mouse  test,  trust  await  farther  investigation*  - 

hut-cion  of  the  culture  virus*  The  cultural  benavior  of  all 
viruses  regained  unenangea  by  sustained  passage  threuji  flela  and  £3 
explarts.  Similarly,  the  pathogenicity  of  str-in  17  v  (London)  for_ 
mice  remained  constant  during  141  lieLa— *3  passages  anu  that  of ^strain 
*Lsibi  for  40  KZ  pass-ges,  both  with  respect  to  the  titer  (ID™)  and 
the  -verage  lethal  time  (■>>')  *  Cn  the  other  ns.nu,  strain  17  a)  (Jucstercani) 
became  apathogonic  for  mice  after  a  lew  passages  tnrougk  K3  exolahts  ana 
retained  tnis  characteristic  during  the  entire  culture  passage*  The 
infectivity  or  the  immunizing  capacity  for  mice,  on  the  other  hand,  ms 
almost  completely  retained  by  this  culture  virus  strain,  as  already 
noted. 

\  *  - 

Passage  virus  strains  17  D  London  (59/40  Hela-LB  passages),  17  2 


testing  of  pathogen! city  zor  monkeys  yi^*  Tnesus j «  /xXtnont  snwx czp— u- i. 
the  results*  of  tests  now  in  progress,  it  seems  certain  that  sustained 

_ _ _ _ u  <-*■»•***■*  Y’vf1  o  A  Tonri  rrh  'r*G>z\  -VArr/iOtt  of 


strain 


was  deprived  of  its  original  viscerotropy.  ,  ■ 

Discussion  of  test  results* 

In  1956,  angle,  babel,  howe  and  Kuebner  (3)  attempted  to  grow 
yellow  fever  virus  (*i<)  in  e:plents  of  the  i£B  cell,  strain.  Viral 
propagation  in  continuous  culture  passages  could  not  be  demonstrated, 

(*)  however,  " after  the  44th  K3  passage,  strain  17  £>  (London/ 
beh-ved  like  strain  17  0  (.ouster dam)  in  the  mouse  test;  cf*  preceding 
foot  note.  •  - 

(•£*)  fhe  publication  does  not  list  the  virus  strain. 


ajjariidl  cytopathogenic  effect  v,~s  observed  in  the 


ively 


pantropi 


Recently  cultivated  -strain  17  i»  successful!/  in 


lants 


of  .the  sxplant,  She  as^unption  that  neoplastic 
s^cepfeibie  to  virus  is  .suggested  therebj>  confirming 
%?%%&$#  -of  yellow  fever  virus  for  a  transplantable  jaouse 
*  ^.iioted.bj  findlay.und  nacCallum  (£)_,  now  applicable  also  to 

huaan  ■nsigia*. 


I-t.  733%-  fle&se  to  which  the  .demonstration  of  virus  and  .antibodies  in 
>;.^xpiants  is  '  capable  of  replacing  the  nouse  test,  has  not  been  clarified 


^^^"i^^assuo^ladn,  that  tissue  .essplants  sill  find  beneficial  application  in 


l  •..■’.'iH %-''■’ -  -  - 

i  ''**?%  t5  -  -  - 
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0  ^t* ,  *  jwfe' 'i  '- 
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;:-i|e^assmo^bii  that  the  variable  behavior  of  these  passage  strains  is 
.based  %i;  the.  i^ergent.^iality  of  the  parental  virus*,  cannot  be  eas- 
clnded.as:long  -as  control  tests  with  additional  17  3  strains  are  nn- 
available.  ;Qh  the  other:  hand,  ths--ebncep±ior  of  viral  nutation  due  to 
-the  type  of  cxolshtea  tissue  in' which  virus  growth  is  initiated,  is 
-Well  founded,  Apparently  the  ^selection of  virus  particles  deciding 
'-ihe  ultimate  quality  of  the  passage  virus  takes  place  already  in  the 
initial  cultures  (of.  Hallaner  and  i£ronauer,'13.),  = 

;  .  p- 

.  ;'  :,  .£*)  inappar.ent  and  immunising  infections  of  mite  cerebrally  in¬ 
oculated  with  17  3  virus  have  been  demonstrated  by  Pox  [6)  and,  recently, 
iby  rtoliier  et  -al,  $2),  Sucn  behavior  was  independent  of  the  infective 
•dobage*.  however*  and  especially  of  the  quality  of  certain  immunogenic 
strains  ,(1?  2b  low,  17  2j),  .  17  2  strains  completely  apathogenic  for 
jsdce;  *Jin-  the  sense  of  the  viral  variant  described)  apparently  have  not 
^beeh  . discovered  to  date. 
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aa^Kaicuwo-iffisaot  be  expected  a  priori.,'  fhe  lossol  viscerotropy 
shown  by  tee  pantropxc  ,sili  strain  is  noteworthy  because  .it  pi^dthT 
Z ?  °;  Wl^3  iroa  the  species-specific  origin  .of  the  • 

fa'*  T"”Xfcs  ?T-Ce  £lso  -in  tissue  e^plants  of  the-' 
h°shrzr  aow  in  progress  are  aimed  it  sst ^KLishing  ■ 

k  ae^re.e  0j-  ^enuation  of  the  ,-sibi  strain  induced  by  sustained 
passage  tnrougrr  nB^erplants. 

\  5  / 

\  Tables.  : 

,  ,  Pf1®  i-  Cultivation  of  yellow  lever  virus  in  human  axolants.  ' 

onzanx  Passagen  -  number  .of  passages,  Stamm  ~  strain.  Jaensch  -  human, 
bxere  —  kxaney.  aosweigung  -  branch. 

Table  2.  Virus  propagation  .(log  KOcq)  in  KB  explants  in  relation 
to^vime  ydays  p.x.)  fag  -  day.  fellfreies  iledium  sin  und  derselben 
nuitur  -  ceXt^ree  medium  of  the  same  culture,  Total  .Kulsnr  (ifedium  & 
n-eweoe  -  tossu.  culture  (medium  &  tissue).  Virus  im  seUfreien  iledium 
nxcn.t  nacnweiscar  -  no  virus  in  sell-free  .medium. 


preservation  for  3^  years. 


3i  jaehriger  lonservierung 


Comparative  titration.of  yellow  fever  strains  ly  n  and 
nsxox  an  Kc  -euplants  and  in  cerebral  rouse  tests,  nusgangsvarus  —  1 ,  - 
parental  virus.  _2al£L  in  olammera  —  figure  in  brackets.  Becentes  \ 
nixenserum  nach  3  Tagen  —  recent  monkey  serum  .after  3  days,  lagerung 
b^.  —.80^  C  -  storage  .at  -SO°.Cl  Virusproben  nach- 10-  bis  15taegiper 
Ions  ervierung  bei  -20°C  —  virus  samples  after  preservation  at  -20 °Q  for 
10-15  nays.  , 

"  (i)  This  .conclusion  applies  also  to  the  production  of  auathpgenxc 
mutants  of  classic  emu  atypical  fowl  cholera  virus  (11,12,133.  •  : 
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